In this work, we calculated the branching ratios, polarization fractions and CP asymmetry of decay modes B → ρ(ω)ρ(ω) in the Perturbative QCD approach, which is based on k T factorization. After calculation, we find the the branching ratios of B 0 → ρ + ρ − , B + → ρ + ρ 0 and B + → ρ + ω are at the order of 10 −5 , and their longitudinal polarization fractions are more than 90%. The above results agree with BarBar's measurements. We also predict the branching ratios and polarizations of B 0 → ρ 0 ρ 0 , B 0 → ρ 0 ω and B 0 → ωω, which will be measured in future. We predicted the CP asymmetry of B 0 → ρ + ρ − and B + → ρ + ρ 0 , which will play important role in determining angle α. *
Introduction
The study of exclusive non-leptonic weak decays of B mesons provides not only good opportunities for testing the Standard Model (SM) but also powerful means for probing different new physics scenarios beyond the SM. The mechanism of two body B decay is still not clear, although many physicists devote to this field. Starting from factorization hypothesis [1] , many theories have been built to explain the existed data and gained success such as general factorization [2] , QCD factorization(BBNS) [3] , perturbative QCD Approach(PQCD) [4] , and soft-collinear effective theory(SCET) [5] . These theories separately explained B → P P and B → P V well though many flaws existed in different theory.
Recently, B → V V decays such as B → φK * [6] , B → ρK * [7] , have aroused many interests of physicists. It is known that both longitudinal and transverse polarization states are possible in B → V V decay modes. So, the theoretical analysis of B → V V is more complicated than B → P P and B → P V . The predictions of those decays' polarization according to the naive factorization do not agree with the experimental results, although many good ideas [8, 9, 10] have been proposed to explain this phenomenon. Some people think that it is a signal of new physics [11, 12] .
Recently, both BaBar and Belle have measured the branching ratios and polarizations of the decays B 0 → ρ + ρ − and B + → ρ + ρ 0 [13, 14, 15, 16] . The data for the branching ratios (BR) and the polarization fractions for these decay channels are reported in Table. 1. These results have produced all kinds of considerable theoretical interest, and many papers [8, 9, 10] focus on these decays. In this paper, we calculate the branching ratios and polarization fractions and predict some CP violation parameters in the perturbative QCD approach.
For decay B → ρρ, general factorization approach and BBNS gave similar results [2, 11, 17, 18] , but they are a little bigger than present experimental data. In Ref. [4] , using PQCD approach, the authors have calculated the branching ratios and CP asymmetry of the decays B → ππ, Kπ, and the results agree with data well. Although there is still many discussion, PQCD approach is recognized as a good effective theory to calculate non-leptonic B decay through calculating the factorization diagrams, non-factorization diagrams and annihilation diagrams. 26.4
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For simplicity, we set B meson at rest. It decays to light vector mesons with large momentum, that's to say, the light mesons move very fast in the rest frame of B meson.
In PQCD's opinion, the short distance hard process dominates this decay amplitude, which is the main difference between PQCD and BBNS. Because the two light meson move fast back to back, they have small chance to exchange soft particle, therefor the soft final state interaction is not important. We argue that a hard gluon emitted from the four quarks operator kicks the spectator quark with big momentum transfer. The formalism of PQCD approach for two-body non-leptonic B meson decays has been given in many papers [4, 19] , which is subject to corrections of O(α 2 s ) and O(Λ/M B ). In this factorization theorem, decay amplitude is written as the convolutions of the corresponding hard parts with universal meson distribution amplitudes, which describe hardronic progress of the meson. Because the Sudakov effect from k T and threshold resummations [20] , the end point singularities do not appear. This paper is organized as follows. In Section. 2, we give some explanation about wave functions and convolutions. In Section. 3, we will analyze the processes
Some numerical results and CP discussion are given in Section. 4 and 5 respectively. We summarize our work at last.
Wave Function & Convolution

Wave Function
In this paper, we use the light-cone coordinates to describe the four dimension momentum
In our calculation, the B meson is treated as a heavy-light system. Its wave function is defined as:
where the indices α and β are spin indices, i and j are color indices, and N c is the color factor. The distribution amplitude φ B is normalized as
where b 1 is the conjugate space of k 1 , and f B is the decay constant of the B meson. In this study, we use the model function
where N B is the normalization constant and ω B is the shape parameter. We used ω B = 0.4
GeV, which was determined by the calculation of form factors and other well known decay modes.
As a light-light system, The ρ − meson wave function of the longitudinal parts is given by [21] 
The first term in the above equation is the leading twist wave function (twist-2), while the others are sub-leading twist (twist-3) wave functions. The ρ meson is also transversely polarized, its wave function is then
where n is moving direction of this particle. Here the leading twist wave function for the transversely polarized ρ meson is the first term which is proportional to φ
, and φ a ρ , were also calculated using light-cone QCD sum rule [21] :
with the Gegenbauer polynomials,
Convolution
The B → ρρ decay rates are written as
where P c ≡ |P 2z | = |P 3z | is the momentum of either of the outgoing vector mesons, and the superscript σ denotes the helicity states of the two vector mesons with L(T ) standing for the longitudinal (transverse) component. After analyzing the Lorentz structure, the amplitude M (σ) is decomposed into [22] : (14) with the convention ǫ 0123 = 1 and the definitions,
We define the helicity amplitudes,
with the normalization factor ξ = G 2 F P c /(16πM 2 B Γ) and the ratio r = P 2 · P 3 /m 2 ρ . These helicity amplitudes satisfy the relation,
following the helicity summation in Eq. (13) . We also introduce another equivalent set of helicity amplitudes,
with the helicity summation,
Thus, the only work we left is calculating the matrix elements M L , M N and M T .
Perturbative calculations
For decay B → ρρ, the related effective Hamiltonian is given by [23] 
where 
Here i and j are SU(3) color indices; the sum over q runs over the quark fields that are In the PQCD approach, the B → ρρ decay amplitude is written as the following factorizing formula [19] ,
where Tr denotes the trace over Dirac and color indices. C(t) is Wilson coefficient of the four quarks operator which results from the radiative corrections at short distance. Φ M is wave function which absorbs non-perturbative dynamics of the process, and it is process independent. The hard part H is rather process-dependent and can be calculated in perturbation theory. t is chosen as the largest energy scale in the hard part, to kill the largest logarithm. The jet function S t (x i ), called threshold resummation, comes from the resummation of the double logarithms ln 2 x i . S(t) is Sudakov form factor, which is mentioned for many times [4, 19] . Thus, only the hard part is to be calculated.
Similar to the B → ππ decay [4] , there are eight types of diagrams contributing to B → ρρ decay mode at leading order, which are shown in Fig. 1 . These decays involve the emission and annihilation topologies, both of which are classified into factorizable diagrams, where hard gluon attach the quark in the same meson, and nonfactorizable diagrams, where hard gluon attach the quark in the different mesons. Through calculating these diagrams, we can get the M H , whrer H = L, N, T . Because these diagrams are the same as those of B → φK * [6] and B → K * K * [24] , the formulas of B → ρρ are similar to those of B → φK * or
We just need to replace some correspond wave functions and Wilson coefficients.
So we don't present the detailed formula in this paper. The reader can find formulas in Ref. [6] and [24] .
(h) Figure 1 : The leading order Feynman diagrams for B → ρρ.
Numerical Results and Discussion
In our calculation, some parameters such as meson mass, decay constants, the CKM matrix elements and the lifetime of B meson [25] are given in Table ( 2). In threshold resummation 1 , there is only one parameter c , which is very sensitive to the results, and here we take c = 0.35. Table 2 : Parameters we used in numerical calculation [25] .
Mass
Constants f 
with definition:
In the above functions, we leave only one free parameter in calculation, that is α. The strong phase δ H and ratio z H of tree (T ) and penguin (P ) are calculated in PQCD approach. In PQCD approach, the strong phases mainly come from the nonfactorizable diagrams and annihilation type diagrams because quarks and gluons can be on mass shell. Numerical analysis also shows that the main contribution to the relative strong phase δ H comes from the annihilation diagrams. B meson annihilates intouark pair and then decays to ρρ final states. The intermediate 1 The formula of threshold resummation [20] is S t (x) =
uark pair represents a number of resonance states, which implies final state interaction.
In perturbative calculations, the two quark lines can be cut providing the imaginary part.
The importance of these diagrams also makes the contribution of penguin diagrams more important than previously expected.
In the same way , we can get the formula for decayB 0 → ρ + ρ − :
Therefore, the averaged branching ratio for B → ρ + ρ − is:
Here, we notice the branching ratio is a function of α. If we set α angle as free parameter, we figure out the curve of B → ρ + ρ − in Fig. 2 , which describes the relation of the branching ratio with angle α. The function of the branching ratio of B + → ρ + ρ 0 and the angle α are figured out in Fig. 3 .
In Table. 3, we show the numerical results of each diagram in B 0 → ρ + ρ − decay mode.
From this Table, we find that most of the contribution comes from the first two diagrams.
About 95% contribution is from these diagrams, especially for the longitudinal part. But the first two diagrams can not contribute to the strong phase because there no imaginary part exists. From the table, the main source of strong phase is the annihilation diagrams, especially penguin diagrams of (e) and (f). From this table , we can calculate that δ L = 13.6
• , δ N = 46
• , and δ T = 71
• .
After calculating the process of B 0 → ρ + ρ − , together with results of
0 → ρ 0 ω and B 0 → ωω , we give the results for branching ratios and polarizations in Table. 4 using α = 90
If α change from 60
• to 120
• , we get the results: Similar to the above, we can also get:
From above results and Table. (4), some discussions are in order:
• Comparing our results with Table. 1, we find both branching ratios and polarizations agree with BarBar's data [13, 14] and our results are far below the upper limit.
• In Ref. [11, 17, 18] , these decay modes have been calculated in QCD factorization approach. For B → ρ + ρ − , the branching ratio they predicted is a bit larger than the experimental data, because the form factor they used is V B→ρ = 0.338. In PQCD approach [26] , this form factor is about 0.318, so our results is smaller than theirs.
Similar to above decay, our results in decay B + → ρ + ρ 0 is also smaller than results in QCD factorization approach for the same reason. For decay modes B 0 → ρ 0 ρ 0 , B 0 → ρ 0 ω and B 0 → ωω, our results are much larger than theirs because the annihilation diagrams play very important role which cannot be calculated directly in QCD factorization approach.
• From our results, we can see that the branching ratio of B 0 → ρ + ρ − is about two times of that of B + → ρ + ρ 0 . But in experimental side, the world average results of these decays have not so much difference. Neither QCDF approach nor naive factorization also can explain this small difference. The same case appears in the decay B → ππ [3, 4] .
Although many people have tried to explain this puzzle [27] , there is no good answer at present.
• For the tree dominant decay, most of the contribution to branching ratio comes from factorizable spectator diagram (a) and (b). For decay modes B 0 → ρ + ρ − and B + → ρ + ρ 0 , their Wilson coefficients are C 2 + C 1 /3 (order of 1)in tree level, and the results also support the above view. The decay B + → ρ + ω has the same situation.
• For decay B → ρ 0 ρ 0 , the Wilson coefficient is C 1 + C 2 /3 in tree level. In this work, we only calculated the leading order diagrams, and did not calculate the high order corrections. So, the Wilson coefficients we used are leading order results in order to keep consistent. In leading order, the sign of C 2 is positive while the sign of C 1 is negative, which can cancel each other. So, the penguin contribution becomes relatively large .
Thus the branching ratio of B → ρ 0 ρ 0 is rather small. If considering next leading order corrections, the sign of C 1 + C2/3 may change to positive, so the branching ratio may become larger. This decay should be more sensitive to next leading order contribution.
• For simplicity, we set that the ρ 0 meson, ω have same mass, decay constant and distribution amplitude. In quark model, the ρ 0 meson is
(uū + dd). The difference comes from the sign of dd, which only appears in penguin operators, so their difference is small.
• From the table, we know that longitudinal polarization is dominant in decay B 0 → ρ + ρ − , B + → ρ + ρ 0 and B + → ρ + ω, and occupied more than 90% contribution. This is consistent with the prediction in naive factorization [2] , because the transverse parts are • Recently, the experimental data about B → φK * [28] shows that transverse part occupies about 50% contribution or even more, and each of two transverse directions takes about half. Many people [29] can explain why the transverse polarization is anomaly large, but can not explain why the two transverse directions share averagely. From the Table, we notice that the two different directions are almost same, which is consistent with experimental data. In PQCD approach, compared with longitudinal direction, the two transverse polarizations are both r 2 suppressed, so these two transverse polarizations share the same order.
After above discussion, we turn to consider the contribution of different diagrams. It is not necessary to show the case of every decay, so we only take B 0 → ρ + ρ − and B 0 → ρ 0 ρ 0 as an example. In the Table. 5, we consider full contribution in line (1), ignore annihilation contribution in line (2), without all penguin operator in line (3), and without non-factorization diagram in line (4). There are also many uncertainty factor in our calculation. Firstly, the major uncertainty comes from high order correction. In calculation of B → Kπ [31] , the results shows that the next leading order may give about 15% − 20% correction to leading order. Secondly, the wave functions which describe the hardronic progress of the meson are not known explicitly, especially the heavy B meson. ω B , the only parameter in B meson wave function, can be determined by other channels such as B → πlν [32] , B → Dπ [33] , B → Kπ, ππ [4] , etc.
Through the existed data, we can fit the ω B = 0.4, but this number need more experimental supports. There are still many other parameters existed such as decay constants, CKM elements, we will not discuss them here.
CP Violation in
Searching for CP violation is an important work in B physics. In this section, we will discuss the CP violation in
for branching ratios is so large that we will not discuss their CP violation here, though it is also very important. In decay modes B 0 → ρ + ρ − and B + → ρ + ρ 0 , longitudinal part occupy nearby 95% contribution. So we will neglect the transverse parts in follow discussions.
Using Eqs. (23, 24) , the direct CP violating parameter is
In Fig. 4 
In above function, ∆m is the mass difference between the two mass eigenstates of neutral B mesons. The A dir CP is already defined in Eq.(32), while the mixing-related CP violation parameter is defined as
where
Using Eqs. (23, 24) , we derive as:
Thus, the parameter a ǫ+ǫ ′ is a function of α, if the penguin pollution is very small, a ǫ+ǫ ′ is about −2 sin 2α. From the function relation of Fig. 5 , we can see that a ǫ+ǫ ′ is not equal to −2 sin 2α, so the penguin pollution can not be neglected. 
with x = ∆m/Γ ≃ 0.771 for the B 0 −B 0 mixing in SM [25] . In Fig. (3) , we figure out the function as α. In this Figure, we notice that the A CP is 25% when α = 90
• . If we can measure the CP violation parameter in longitudinal direction, we may determine the angle α.
Summary
In this work, we calculated the branching ratios, polarizations and CP asymmetry of B → ρ(ω)ρ(ω) decay in perturbative QCD approach, which has been proved as a successful theory in B physics. After calculating all diagrams, including non-factorizable diagrams and annihilation diagrams, we found the branching ratios of B 0 → ρ + ρ − and B + → ρ + ρ 0 are at 
